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[54] TITLE OF INVENTION: Method and Equipment For Producing 
Water-Drop-Free Synthetic Resiti Film For Agriculture and Gardening Use 
[55] Abstract: 

The present invention relates to a method of equipment for producing a 
water-drop-free synthetic resin film for agriculture and gardening use. Said equipment 
is composed of a calendering and conveying device, a film surface activating device, 
a water drop resistant coating device, a vertical drier and a film coiling wheel. The 
surface of synthetic resin film is activated, then coated with a water drop resistant 
which is composed of colloidal silicon dioxide and an aqueous propenyl resin, further 
subjected to drying to obtain the water-drop*free synthetic resin fihn of the present 
invention. The method has the following advantages: improved durability of the water 
drop resistant, low cost, simple equipments, no air pollution^ no limit to the film 
width. 
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Method and Equipment For Producing Water-Drop-ftee Synthetic Resin Film 
For Agriculture and Gardening Use 

The present invention relates to a method and equipment for producing a 
water-drop-firee synthetic resin film for agriculture and gardening use. 

The gteenhouse for agriculture and gardening use is usually is covered by laige 
gla^s or acrylic resin sheets. For the sake of low cost, the greenhouse inay be covered 
by a synthetic lesin film, such as a plastic film. The synthetic resin inchides potyolefin 
resin, polyvinylchloride resin, vinyl acetate resin, and the like. 

Nevertheless^ the synthetic resin film has a hydrophobic surface^ so the moisture 
contained in the air and soil in the greenhouse may be condensed onto the iimer 
surface of the film to form water drops^ The water drops will prevent sunlight from 
passing through the film» retard the rise of the temperature and the growth of the crops 
in die greenhouse, and harm the crops when dripped onto it. Besides, the clothes 
wetted by die water drops are not comfortable. 

Therefore, it is necessary to make the surface of the hydrophobic synthetic resin 
film hydiophilic, so as to overcome said defects. 

Imparting hydrophilicity to the surface of a synthetic resin film may be 
conducted by adding a water drop resistant into the synthetic resin film during 
production (a film containing a water drop resistant) or by applying a water drop 
resistant to the surface of the fikn (a film coated by a water drop resistant). 

A method for producing a film containing a water drop resistant is disclosed in 
JP Patent Publication No. 6-93139. The film is made by a polyethylene resin doped 
with an agent prepared by combining at least one hydroxystearate of a polyhydric 
alcohol (A) with at least one ifotty acid ester of a polyhydric alcohol (B) in a ratio of 
component A to component B of 80/20 to 20/80. 

In addition, methods for making a film coated by a water drop resistant are 
disclosed in Korea Patent Publication Nos. 1998-11241, 1995-25056, 1996-34359 and 
et aL Korea Patent Publication No, 1998-11241 discloses a method for making a high 
molecular film for agriculture and package use comprising corona discharging a 
surface of a polyethylene film, applying a hydrophilic polymer material, such as 
sodium alginate, to ihe corona discharged surface of the film and drying the film. 
Korea Patent Publication No. 1995-25056 discloses a method for making a 
water-drop-firee synthetic resin film comprising corona discharging a surface of a film^ 
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applying a dilute solution of a water drop resistant (surfactants) to the 
corona-discharged surface of the film, and drying the film by hot air. Korea Patent 
Publication No. 1996-34359 discloses a process for applying a composition 
comprising 01 to 5 parts by weight of colloidal alumina, 0.01 to 1 parts by weight of 
colloidal silica, 0.001 to 0.1 parts by weight of anionic surfactants, and 0,005 to 0.5 
parts by weight of an inorganic lamellar compound dispersed in 100 parts by weight 
of a medium, to a synthetic resin film for agricuhuie use. 

However, since the film containing a water drop resistant exhibits hydrophilicity 
by gradually exuding the contained a water-drop-firee surfactant, the aur&ctant will be 
slowjy washed away. Thus, the amount of the surfactant shall be increased, but it may 
impede sunlight to pass through. 

On the other side, although the film coated by a water drop lesiatant has a good 
sunlight tnmsmittivity» there is a weak bonding between &e film and the water drop 
resistant because the agent is dispersed into a medium, such as water or alcohol. In 
Older to enhance the bonding, the surface of the film is activated by corona discharge 
prior to coating. Since the corona discharge is conducted at a high voltage, it is very 
dangerous. In addition, the corona discharge will produce much ozone which will 
heavily pollute air and harm the health of the operator. Furthermore, the investment 
expenditure is very high because it needs a lot of equipments, such as electrodes, 
higjh-fircquency generator, and the like. Moreover, it is difficult to make a wide film by 
this method. 

The purpose of this invention is to provide a method and equipment for 
producing a water-drop-free synthetic lesin fibn for agriculture and gardetung use. 
The method of the present invention can overcome the technkal defects of the prior 
art, improve the durability of the water drop resistant, reduce the manufecturing cost, 
use simple equipments. Moreover, the metiiod is safe, cost effective, without air 
pollution^ and can make a wide film. 

The puipose of the present invention is achieved by a method comprising 
activating the surface of a calendered, synthetic resin film with diluted fluorine gas, 
applying a water drop resistant composed of colloidal silicon dioxide and an aqueous 
propenyl resin to said activated surface of th© film, and drying the filni^ to form a 
water-drop'free synthetic resin film. 

The equipment for carrying out the method comprising a calendering and 
conveying device, a fihn surface activating device, an applicator for the water drop 
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resistant, a vertical drier, and a film coiling wheel, said film surface activating device 
comprising a vertical hexahedral shell having a slot inlet on the top and a slot exit on 
the bottom of the shell, and fluorine supply pipes ananged on the both sides of the 
shell in a traverse direction. 

The synthetic resin fihn is usually made from an inflammable resin, such as 
polyvinyl chloride, polyvinylacetate, polyester, or polyolefin. The polyolefin resin 
includes polyethylene resin and polypropylene resin. In addition^ the film contains 
various filler, UV-stabilizer, and the like. 

Fluorine reacts with the hydrogen atom on the surface of the film to produce 
hydrogen fluoride and a caibon-based substrate which, in turn, bonds to other fluorine 
atoms or exists as it is for a given period. 

As described above, fluorine destroys an unifomi state of the hydmgen atoms on 
the sur&ce of the film so as to form a non-uniform state of the hydrogen atoms and 
enhance the adhesion of the film surface. As a result, a water drop resistant composed 
of colloidal silicon dioxide and propenyl resin can firmly adhere to the treated surface 
of the film. 

Besides, because fluorine is very reactive, it is diluted to a concentration of 1 to 
5 % by weight with one or more gas selected from the group consisting of air, 
nitrogen, aigon, carbon dioxide and helium so as not to change the property of the 
film. If the concentration is beyond the range, the surface of the film will deteriorate. 

The water drop resistant is formed by dispersing colloidal silicon dioxide and an 
aqueous propenyl lesin in a medium, such as water or alcohol, wherein fhe ratio of 
colloidal silicon dioxide to the aqueous propenyl resin is in a range' of 1:4 to 3: 1. The 
water drop resistant has a total solid content of 0.1 to 35 % by weight If said ratio 
falls within the above range, there are a good hydrophilicity and a strong adhesion 
between the film and colloidal silica. 

In addition to SiOi, the hydrophilic agent used in the water dxbp resistant 
includes silicic acid anhydride or silicic acid. The colloidal silica has a high 
transparency, like glass, and usually has a particle size distribution of from 8 to 12 
microns, especially in a wet state. Thus, such colloidal silica can be mixed with the 
following adhesive and it will be more transparent. Therefore, it is a very good 
hydrophilic agent 

Besides, since said colloidal silica has no cohesion, the bonding between a film 
and the hydrophilic agent and the durability of the water drop resistant are improved 

3 
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by treating the surface of the fihn with fluorine and combming the colloidal silica 
with a light and water fast aqueous propenyl resin adhesive. 

The present invention will be in detail described with reference to the following 
drawings and examples. 

FIG 1 is a schematic view of an equipment of producing a water-drop-free 
synthetic resin fihn of the present invention; 

FIG 2 is a partial enlarged schematic view of the device for activating a film 
surface as shown in FIG 1; 

FIG 3 is a partial enlarged view of the drier as shown in FIG 1 ; 

FIG 4 is a schematic view of a device of applying the water drop resistant. 

As shown in FIG 1 to 4, the equipment of the present invention comprises a 
calendering and conveying device, a film surface activating device, an applicator for 
the water drop resistant, a vertical drier, and a fihn coiling wheel The calendering and 
conveying device 10 consists of calender (11) and shaper (12). The film surface 
activating device (20) activates the surface of the synthetic resin film (F) formed in 
the calendering and conveying device (10). The film surface activating device (20) 
has a vertical hexahedral shell (21) having a slot inlet (22) on the top and a slot exit 
(23) on the bottom of the shell, and fluorine supply pipes (24), (24') arranged on the 
both sides of the shell in a traverse direction. Fluorine is sprayed onto the both sides 
of the fibn (F) through the pipes (24), (24') and activates the surface of the film. 
Fluorine collection chambers (25), (25') are installed around the inlet (22) and Ae exit 
(23) of the shell (21). Pipes (26), (260, (27) and (27') are arranged on the both sides 
of the fluorine collection chambers (25), (25') and communicated with a collector 
pipe (28) which is connected to the pipe (29) of an exhaust fen (30). The exit of the 
pipe (29) is equipped with a decontaminator (31). While the surface of the film is 
activated by spraying diluted fluorrne onto the both side of the fihn, the unieacted 
fluorine escaping from the inlet (21) or the exit (22) of the shell (21) is collected and 
decontaminated. 40 represents an applicator for an water drop resistant The film (F) 
is passed through the reservoirs (41), (41*) for the water drop resistant, on which feed 
rolls (42), (42') for the water drop resistant is equipped. Coating rolls (43), (43') are 
installed at the contact between feed rolls (42), (42'). While the film (F) passes 
through the coaling rolls (43), (43')» the water drop resistant is applied thereto. The 
applicator (40) for the water drop resistant may be configured as shown in FIG 1 or 4. 
In FIG 4, feed roll (420) is immersed in the reservoir (410). 50 represents a vertical 
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drier The film (F) coated by the water drop resistant in the applicator (40) is passed 
through a vertical hcxahedral shell (51) and dried by hot air. Hot air dispensing 
chambers (52), (52') equipped with hot air feed pipes (53), (S3') are installed at the 
lower ends of the shell (51). The chambers have hot air jet nozzles (54), (54') toward 
the film conveying direction so as to prevent hot air from blowing toward the 
applicator (40), In this way, the evaporation of the water drop resistant in tfie reservoir 
(410) and fhe shrinkage of the film may be avoided. The height of the drier (50) 
depends on the conveying speed of tfie calendering and conveying device. When the 
conveying speed of the fihn is in a range of about 15 to 20 m/min.» ttie drier (50) is 3 
m high. FIG I shows only one set of hot air dispensing chambers (52), (52'), but more 
than two sets of the chambers may be installed^ if desired. 60 r^resents a fihn coiling 
wheel The dried film is coiled by the coiling wheel (60) so as to be stored and 
transported. 

The not explained signs 71, 72, 73, 74, 75, 76 represent guide wheels. Sign 77 
represeiits a pair of driving wheels. 

In the above-described equipment for producing a water-drop-free synthetic 
resin film of the present tovemion, the calendering and conveying device (10) 
calenders a film (F). When the film (F) is passed through a film surface activating 
device (20), it is activated by 1 to 5% of diluted fluorine sprayed onto the surface of 
the fihns through fluorine feed pipes (24), (24'), Fluorination improves the adhesion 
of the surfaces of the film. 

While the surfaces of the film is activated in the activating device (20), the 
unreacted fluorine escaping firom the inlet (22) and the exit (23) is collected by the 
fluorine suction chambers (25), (25*), and then delivered to the collector pipe (30) of 
an exhaust fiin (30) via pipes (26), (26'), (27), (27') and decontaminated. 

The activated film (F) is coated by the water drop resistant through the 
applicator (40), and then dried by the drier (50) at a temperature of firom 40 to 70'C. 
Hot air is transmitted to the hot air dispensing chambers (52), (52') at the lower end of 
the sheU (51) via hot air feed pipes (53), (53')» and sprayed through the nozzles (54), 
(54') onto flie coated surfaces of the film in a machine direction so as to dry the water 
drop resistant on the fihn. . 

In the above-described equipment for producing a water-drop-free synthetic 
resin film of the present invention, the calendering and conveying device (10) is 
directly coimected to the applicator for the water drop resistant to make the 
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watcr-drop-free film. Besides, a non-water-drop-iree film may be converted into a 
water-dTop-free film only by an applicator for a water drop resistant. 

Example I 

A polyethyletie film having a thickness of 60 microns and a width of 32 cm is 
passed through a surface activating device at a speed of 2 m/min! The film is dip 
coated by a water drop resistant formed by mixing 0.5 gram of colloidal silica and 
l^opylene resin in 1 liter of water, as shown in FIG 4. The film is then dried at a 
temperamie of 60 *C. The coating weight of the water drop resistant is about 0.2 g/m^. 

Example 2 

A polyethylene fihn having a thickness of 60 microns and a width of 32 cm is 
passed through a surface activating device at a speed of 5 m/min. The film is roll 
coated by a water drop resistant fonned by mixing L5 gram of colloidal silica and 
propylene resin in 1 liter of water, as shown in FIG 1 . The film is then dried at a 
temperature of 70 **C. The coating weight of the water drop resistant is about 0.5 g/m^. 

Comparative Example 1 

The water-drop-fi^ film is made in the same manner as Example 2 except that 
the propylene resin is replaced by a vinyl acetate resin adhesive. 

Analysis to the test results 

The water-drop-fi^ee films prepared in Examples 1. 2 and Comparative Example 
3 are tested in a water tank kept at 60 *C. The results are shown in Table 1. It is 
apparent that the water-drop-free films prepared according to the present invention 
exhibit a superior water drop resistance for a long period. 



Table 1 



Time 

type 


1 day . 


10 days 


30 days 


60 days 


180 days 


360 days 


Ex. 1 


© 
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Ex. 2 
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© 
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Notes: 0 shows no water drops at all; 

0 indicates that water drops are formed on 1/5 of the surface; 
X indicates that water drops are formed on 1/2 of the surftice. 

As shown above, the durability of the water drop resistant isS improved by a 
method for producing a water-drop-free synthetic resin film comprising activating the 
surface of the film with diluted fluorine gas and applying a water diop resistant 
composed of colloidal silicon dioxide and an aqueous propenyl resin to said activated 
surface of the fihn. The water drop resistance may be maintained for the whole 
service life of the film. In addition^ the film haa no potential of leakage of water drop 
resistant, so there is no harm to agriculture and horticulture crc^s. 

Since the surface of a film is activated by fluorine in the equipment for 
producing the water-drop-free synthetic resin of the present invention, it is safe^ cost 
effective, simple and may be used to make a wide film. In addition, the unreacted 
fluorine escaping during operation is collected and decontaminated^ there is no air 
pollution. 
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What is claimed is: 

1. A method for producing a water-drop-free synthetic resin film for agriculture 
and gardening use, comprising activating the surface of a calendared synthetic resin 
61ni wth diluted fluorine gas, applying a water drop resistant composed of colloidal 
silicon dioxide and an aqueous propenyl resin to said activated sur&ce of the film, 
and drying the fihn, to form a water-drop-ftee synthetic resin film. 

2. The method according to claim 1, wherein said fluorine gas is diluted by one 
or more gas selected from the group conaisdng of air, nitrogen, aigon, carbon dioxide 
and helium to a concentration of 1 to S% by weight. 

3. The method according to claim !» wherein said water drop resistant is a 
dispersion of colloidal silicon dioxide and the aqueous propenyl resin in an aqueous 
or alcohol medium with a solid content of OJ to 35 % by weight 

4. The method according to claim 1, wherein said water drop resistant has a ratio 
of colloidal silicon dioxide to the aqueous propenyl resin in a range of 1 :4 to 3:1. 

5. An equipment for producing a water-drop-free synthetic resin film for 
agriculture and gardening use, comprising a calendering and conveying device, a film 
surface activating device, an applicator for a water drop resistant, a vertical drier, and 
a fihn coiling wheel, said film surface activating device comprising a vertical 
hexahedial shell having a slot inlet on the top and a slot exit on the bottom of the shell, 
and fluorine supply pipes arranged on the both sides of the shell in a traverse 
direction. 

6. The equipment according to claim 5, wherein fluorine suction chambers are 
installed near the inlet and exit, the pipeji on ttic both sides of the chambers are 
communicated to a collector pipe which is connected to an exhaust fan having an exit 
equipped with a decontaminator. 



8 



PA(£ 3202 ' RCVD AT 1 1121/2(H)6 2:29:08 PM [Eastern Standard 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document arb accurate representatioiis of the original 
documents submitted by the applicant. 

Defects in the images include but a*e not limited to the items checked: 

•■ ■ ■ ' J 

□ black BORDERS 

□ IMAGE CUT OIHF AT TOP, BOTT OM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXTj OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ CO^.OR OR BLACK AND WHITE 

□ GRAY SCALE DOCUMENTS 



PHOTOGRAPHS 



LINES OR MARKS ON ORIGINAL DOCUMENT 
q.REFEfiJSI^€E(S^ Ot{; E^POBJPC^^^^ POOR QUALITY 

□ OTHER: 



As t^ibseaniung th^^^ dociim^i^ts will not correct the image 
problems checked^ please do |not report these problems to 
the IFW Image Problfem Mailbox. 



